Introduction {#sec0001}
============

Coronavirus 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS CoV-2) has been declared a global pandemic since March 2020. This viral outbreak has raised serious concerns among the public and patients with health conditions. In the medical community, Rheumatologists are particularly concerned because their patients represent a population of autoimmune rheumatic disorders who are mostly on immunosuppressive agents and are susceptible to infection. While much has been learnt on COVID-19 in general, little is known of COVID-19 severity and outcomes in patients with rheumatic diseases (RD). Herein, in conjunction with the literature review, we report a case series of patients with RD, who were infected with COVID-19

Patients and methods {#sec0002}
====================

A retrospective chart review was conducted in 4 hospitalized patients at Stony Brook University Hospital between early March 2020 and the end of April 2020, including 2 cases that we previously published in the Rheumatologist. These patients had underlying RD on disease modifying anti-rheumatic drugs (DMARDs) prior to developing COVID-19. In our patients, a diagnosis of COVID-19 was made based on clinical grounds and by polymerase chain reaction of samples from nasopharyngeal swabs. In addition, a literature search of PubMed, Scopus, and Web of Science databases was conducted between December 2019 and May 2, 2020 using the terms: "COVID-19" and "rheumatic disease" or "biologic". The search process and result are depicted in PRISMA ([Fig. 1](#fig0001){ref-type="fig"} ). English language articles that reported single case or case series of COVID-19 in RD were reviewed. Relevant information such as demographic, clinical, therapeutic data, and outcomes of these patients were gathered from the literature. Other relevant literature regarding the virus (SARS), immune response, and cytokine storm, were also searched between 1990 and May 2, 2020. Descriptive statistics was used.Fig. 1PRISMA depicts the literature search process and result.Fig 1

Results {#sec0003}
=======

1Our data of a case series of COVID-19 in RD

The demographic, clinical, and therapeutic data of 4 cases from our hospital are summarized ([Table 1](#tbl0001){ref-type="table"} ). Of the 4 COVID-19 hospitalized patients with RD, there were 2 men and 2 women with mean age of 57 ± 21 years. The most common symptoms among all 4 patients were fever and cough. Of the 4 patients, 2 patients had a mild infection, and the other 2 developed severe COVID-19 related respiratory complications, including 1 Ankylosing Spondylitis (AS) patient on secukinumab requiring mechanical ventilation and 1 Granulomatous with Polyangiitis (GPA) patient with underlying lung involvement on rituximab, who developed superimposed viral pneumonia requiring supplemental oxygenation. All 4 patients had elevated acute phase reactants, 2 patients had mild COVID-19 with lymphopenia, and 2 patients had severe infection with normal lymphocyte counts and high levels of interleukin (IL)-6. None of the patients exhibited an exacerbation of their underlying RDs. The lupus patient had normal complement levels and negative anti-double stranded DNA antibodies. In this case, acute worsening on chronic renal insufficiency was thought to be secondary to dehydration from diarrhea. The GPA patient did not show disease flare as evidenced by stable renal function and negative antineutrophil cytoplasmic antibody.Table 1Relevant demographic,clinical and laboratory data of four inpatients with COVID-19 from Our Hospital.Table 1Case 1\*Case 2\*Case 3Case 4DemographicsAge76784927GenderFemaleMaleMaleFemaleEthnicityWhiteWhiteBlackHispanicClinical dataMedicationsOlmesartan,\
metoprolol\
omeprazole nortriptylineAmlodipine\
hydrochlorothiazide\
losartan\
nortriptyline\
levothyroxine\
rosuvastatin\
tamsulosinPrednisone and\
mycophenolate mofetil until 2019Prednisone\
Bactrim\
famotidineDMARDsMTXHCQBiologicEtanerceptSecukinumabRituximabRDRAASSLEGPASymptoms at onsetMild fever, dry cough, and headacheHigh fever,\
severe dry cough and SOB,\
myalgias, HA.Watery diarrhea, associated with low grade fever, chills, and myalgiaFever, dry cough, SOBChest X-ray/Chest CTClearBilateral diffuse opacities on X-ray\
Groundglass opacities on CTChronic reticular changes consistent with ILDBilateral multifocal opacities on X-rayHospital Days675 (remains hospitalized)1219Management of COVID-19Supportive CareHCQ, Azithromycin\
Mechanical VentilationSupportive CareHCQ and Azithromycin\
Tocilizumab 400mg once\
Supplemental oxygen via non-rebreather 15LLaboratory DataReference RangePlatelet150,000--450,000 mm³147,000141,000333,000411,000Lymphocyte900--4,800 mm³2501,1507501600Sodium135--146mmol125133139134C-reactive Protein0--0.5 mg/dL1.211.71.110Erythrocyte sedimentation rate0--30 mm/hour1154121108LDH94-250 IU/L228611443574Ferritin15-150 ng/mLNA843965.21601D-Dimer\> 230 ng/mL1952462821435IL-6\>14.8pg/mL12.8109.6NA150Procalcitonin\<0.10ng/mL0.050.580.910.12[^1][^2]

Case description {#sec0004}
================

Case 1 {#sec0005}
------

A 76-year-old Caucasian woman with Rheumatoid Arthritis (RA) since 2006 presented in March 2020 with complaints of low-grade fevers, minimal dry cough, and headaches of one-week duration. She had been on etanercept 50 mg weekly and methotrexate (MTX) 10 mg weekly for more than 10 years. Additional comorbidities and medications are outlined in [Table 1](#tbl0001){ref-type="table"}. Laboratory values including erythrocyte sedimentation rate, C-reactive protein, IL-6, and lung imaging studies were normal. A nasopharyngeal swab obtained on admission was positive for SARS-CoV-2 by polymerase chain reaction (PCR) (Viracor Eurofins, Lee\'s Summit, Mo.). Her viral symptoms quickly abated without special treatment. She did not receive methotrexate or etanercept during the hospitalization.

Case 2 {#sec0006}
------

A 78-year-old Caucasian man presented to our hospital with high fevers (38.9° C) and severe dry cough for the previous 24 hours, along with fatigue, myalgias, shortness of breath, frontal headaches, and lightheadedness, in March 2020. His medical history was significant for AS, for which he received secukinumab 150 mg subcutaneous every four weeks for the previous 16 months. Other information such as comorbidities and medications are outlined in [Table 1](#tbl0001){ref-type="table"}. On admission, his vital signs were temperature 38.2°C, respiration rate 22 breaths/minute, and blood pressure 179/78 mmHg, with pulse oximeter 98% on room air. The physical exam was within normal limits otherwise. His relevant laboratory findings are listed ([Table 1](#tbl0001){ref-type="table"}). Despite initial normal chest X-ray, a chest CT performed on admission day 2 showed several small areas of groundglass opacities. On day 4, he had elevated inflammatory markers and worsening respiratory status requiring mechanical ventilation. He completed a five-day course of hydroxychloroquine and azithromycin. Secukinumab was not administered during the hospitalization. The patient had a prolonged hospital course and underwent tracheostomy. He continues to remain hospitalizaed.

Case 3 {#sec0007}
------

A 49-year-old African American man with SLE, lupus nephritis class III/V, and underlying interstitial lung disease (ILD) presented in April 2020 with worsening renal function and hyperkalemia necessitating urgent hemodialysis. The patient had had chronic kidney disease since 2017 and received high doses of prednisone and mycophenolate mofetil until 2019. He only took hydroxychloroquine (HCQ) 200 mg BID. The patient had 10 days of watery diarrhea associated with nausea, vomiting, and decreased oral intake without abdominal pain. He also had low-grade fevers, chills, and generalized myalgias three weeks ago. His vital signs were temperature 36.6 °C, blood pressure 147/89 mmHg, heart rate 133/min, and breathing rate 17/min, with SO2 100% on room air. Physical examination showed tachycardia but was otherwise normal. He tested positive for SARS-CoV-2 and did not receive special treatment except hemodialysis. He was discharged home after 11 days of hospitalization.

Case 4 {#sec0008}
------

A 27-year-old Hispanic woman with a diagnosis of GPA two months ago presented with fevers, severe dry cough, and shortness of breath in April 2020. She was treated with high dose steroids and four weekly infusions of Rituximab 2 months ago. Her GPA had been stabilized and she was on prednisone 30mg daily. On presentation, she was tachycardic and tachypneic with respiration rate 44/min and oxygen saturation of 75% on room air, with improvement upon being placed on 100% non-rebreather. Physical exam demonstrated bilateral decreased breath sounds that correlated with chest radiography findings of bilateral multifocal opacities. Laboratory evaluation revealed elevated inflammatory markers ([Table 1](#tbl0001){ref-type="table"}). She tested positive for SARS-CoV-2 and received 5-day course of HCQ. However, due to poor clinical improvement, she subsequently received one dose of Tocilizumab 400 mg before her inflammatory markers and oxygen requirement improved. She did not require mechanical ventilation.1Literature data of COVID-19 in RD

The clinical data and outcomes of published cases are summarized ([Table 2](#tbl0002){ref-type="table"} ). Through the literature search, we identified 9 separate studies of COVID-19 in RD, including 4 single cases ([@bib0001], [@bib0002], [@bib0003], [@bib0004]) and 5 case series ([@bib0005], [@bib0006], [@bib0007], [@bib0008], [@bib0009]). These studies involved 197 cases of various inflammatory RD. Most patients were on conventional and/or biologic DMARDs. The most frequently used DMARDs were tumor necrosis factor (TNF)α inhibitors among the patients. There were 2 cases of RD on rituximab, 1 with GPA having severe COVID-19 requiring mechanical ventilation; the patient received HCQ and lopinavir/ritonavir. The other patient with RA had clinical improvement after receiving HCQ/azithromycin/lopinavir-ritonavir/tocilizumab, and supplemental oxygen. There were 2 tocilizumab users including 1 Systemic Sclerosis patient who was treated at home and 1 RA patient on MTX and HCQ requiring supplemental oxygen, who was discharged 6 days later. Of the 6 secukinumab users, 5 were treated at home, while 1 required hospitalization but was discharged 3 days later. Among the 17 SLE cases, there were 7 ICU admissions and 2 deaths. All patients were on HCQ and 7 were on immunosuppressive agents. The authors did not specify the medications used among those ICU or severe patients ([@bib0007]). In the Global Rheumatology Alliance registry of 110 cases, there were 19 SLE cases; however, their disease severity and DMARD use was not specified. In addition, there were 39 hospitalized patients and 9 deaths ([@bib0009]). In the New York University Langone Health group study of 59 confirmed cases of COVID-19, there were 45 outpatients and 14 inpatients. Of the hospitalized patients, there were 1 ICU patient who had hypertension, BMI \>30, mild psoriatic arthritis, and was on MTX prior to infection and 1 death who had coronary artery disease, BMI\>40, and severe psoriasis. The remaining patients had mild viral disease course. Based on the total number of the literature cases plus our 4 cases, we estimated the mortality was 5.9% (12/201) among COVID-19 patients with RD.Table 2Literature data of COVID-19 in rheumatic disease.Table 2AuthorsCOVID-19 case no.Rheumatic diseaseDMARD/BiologicCOVID-19 outcomeMihai, et al1SScTocilizumabMild, treated as outpatientDuret, et al1Axial SpAEtanerceptMild but required hospitalizationMoutsopoulos1CAPSCanakinumabMild, treated as outpatientGuilpain, et al1GPARituximabSevere, requiring ICU admission. treated with\
lopinavir/ritonavir for 3 days\
HCQ for 10 days\
Extubated day 20\
Discharged home day 29Favalli, et al3Sarcoidosis\
Axial SpA\
PsAAdalimumab\
Secukinumab\
SecukinumabMildMonti, et al4RAEtanercept 2\
Tofacitinib\
AbataceptMildMathian, et al17SLEAll on HCQ\
7 on other immunosuppressants but not specified.14 hospitalized\
7 ICU\
2 deathsHaberman, et al59Psoriasis 7\
PsA 14\
RA17\
UC 10\
CD 12\
AS 6Apremilast 1\
Azathioprine 1\
Hydroxychloroquine 7\
Leflunomide 1\
Mesalamine 5\
Methotrexate 14\
NSAIDs 2\
Prednisone 7\
Sulfasalazine 1\
Adalimumab 11\
Certolizumab 2\
Etanercept 4\
Guselkumab 1\
Infliximab 10\
Ixekizumab 1\
Rituximab 1\
Secukinumab 4\
Tocilizumab 1\
Tofacitinib 4\
Ustekinumab 245 outpatients\
14 hospitalized\
13 treated on regular floor\
1 ICU\
1 deathGianfrancesco, et al110RA 40\
PsA 19\
SLE 19\
Axial SpA 7\
Vasculitis 7\
Sjogren syndrome 5\
Other 17Conventional DMARDs 69\
Biologics 49\
JAK inhibitor 5\
NSAIDs 28\
Glucocorticoids 27\
Other 539 hospitalized\
9 deaths[^3]

Discussion {#sec0009}
==========

During the ongoing COVID-19 pandemic, both healthy individuals and patients with chronic conditions can be infected. We present a cases series of patients with RD, who developed COVID-19. Both our case study and the literature data indicate that patients with systemic autoimmune diseases, particularly those on DMARDs, are susceptible to COVID-19 with an estimated mortality of 5.9%.

Interestingly, we find that these patients in the current study had different clinical outcomes in terms of COVID-19 severity and related complications. For example, both the lupus patient on HCQ and RA patient on etanercept developed mild viral symptoms. The GPA patient on rituximab developed pneumonia requiring supplemental oxygenation via nonrebreather. The AS patient on secukinumab required mechanical ventilation. These two patients with severe disease had significantly higher serum levels of IL-6 that has been shown to correlate with severe COVID-19 and its related disease ([@bib0010]). To address the question of why these patients had different outcomes of the viral illness, several factors need to be considered, including underlying RD, age, gender, comorbidities, DMARD use, as well as the pathogenesis of COVID-19, among others.

Our analysis of these 4 cases has indicated that different DMARDs may affect the COVID-19 course and prognosis differently. To explain the potential effects of various DMARDs, we will first discuss the immunologic mechanisms of COVID-19.

SARS CoV2 is an enveloped RNA virus that consists of four primary structural proteins including a spike (S) glycoprotein, small envelope (E) glycoprotein, membrane (M)glycoprotein, and nucleocapsid (N) protein, along with several accessory proteins ([@bib0011]). The S glycoprotein binds to angiotensin converting enzyme 2 (ACE2), a receptor on cell membranes, followed by fusion of the viral membrane and host cell ([@bib0012], [@bib0013]). The cellular serine protease, TMPRSS2, is also required to properly process the SARS-CoV-2 spike protein and facilitate host cell entry ([@bib0014]). The virus entry initially triggers the innate immune response, where Pattern Recognition Receptors (PRR) such as Toll-like receptors (TLRs) recognize pathogen associated molecular patterns (PAMP). The PAMP may be nucleic acids, glycoproteins, lipoproteins and other small molecules that are found in the structural components of viruses. This in turn induces a release of proinflammatory cytokines, which activate transcription factors and JAK-STAT pathways, further releasing a number of proinflammatory cytokines, such as IL-1β, IL-6, interferon (IFN)-γ, IFN-α, TNFα, other cytokines and chemokines. This hyperinflammation can lead to cytokine storm ([@bib0015]). The virus also activates the adaptive immune response, where activated Th1 cells can stimulate cytotoxic CD8^+^ T cells to destroy virally infected cells. Meanwhile, Th1 cells activate and stimulate B cells to produce antigen-specific antibodies ([@bib0016], [@bib0017]). Despite this defense mechanism, like the 2002 SARS-CoV, these viruses have the ability to evade the immune system ([@bib0018], [@bib0019]), thus making the development of effective drugs more challenging.

It is reported that a subgroup of COVID-19 patients(15%) developed severe infection and life-threatening complications, in which hyperinflammatory responses or cytokine storm are involved ([@bib0020]). Cytokine storm is defined as a syndrome of excessive immune activation and proliferation of T lymphocytes and macrophages with hypersecretion of proinflammatory cytokines. These mediators include interleukin IL-1β, IL-6, IFN-γ, and TNFα ([@bib0021], [@bib0022], [@bib0023]). Huang et al. described a similar cytokine profile in their patients with COVID-19 and cytokine storm ([@bib0024]). Th17 cells and IL-17 are also involved in the cytokine storm response ([@bib0025]). With what has been learned on the role of cytokine storm, it will be important to use that information to guide and formulate a therapeutic strategy for severe COVID-19 patients. Henderson et. al recently suggested to monitor COVID-19 patients as early as possible with such biometrics as cytopenia, fibrinogen, lactate dehydrogenase, hepatic transaminases, elevated ferritin, CD25, and IL-6 for cytokine storm. They also summarized treatment regimens for cytokine storm in general and their potential utility in severe COVID-19 ([@bib0026]). Among them are IL-6 and IL-1β inhibitors which have been successfully used in alleviating cytokine storm secondary to certain systemic inflammatory RDs ([@bib0027], [@bib0028], [@bib0029], [@bib0030]). Tocilizumab, an IL-6 receptor antagonist, has been studied in COVID-19 patients with some success. A study of severe to critical COVID-19 patients in China has shown improved outcome in 15 out of 20 patients ([@bib0031]). Preliminary data from a French study also has provided promising results ([@bib0032]), An Italian prospective open, single-arm, multicenter study of 63 hospitalized adult patients with severe COVID-19 has demonstrated improvement in respiratory and laboratory parameters ([@bib0033]). According to the literature data in our study, two RD patients on tocilizumab developed mild COVID-19 infection, supporting the positive role of IL-6 antagonist. There are still several ongoing clinical trials to investigate the potential role of interleukin antagonists, particularly IL-6 and IL-1β, in the treatment of severe COVID-19 ([@bib0034], [@bib0035], [@bib0036], [@bib0037], [@bib0038], [@bib0039], [@bib0040]). JAK inhibitors which indirectly block IL-6 are also being studied in treating this infection ([@bib0041], [@bib0042], [@bib0043], [@bib0044]). For a full consideration of using anti-cytokine storm to treat this viral disease, other agents to inhibit the inflammatory mediators may need to be explored. Therefore, it is worthwhile to investigate whether other biologics may have influences in the clinical course of the COVID-19 related respiratory and other complications.

In the present study, our RA patient on etanercept developed mild COVID-19 without complications. Similarly, in the published studies 7 cases were on etanercept and developed mild symptoms, although some patients were hospitalized. Etanercept is a TNFα receptor II antagonist which is known to be associated with a high rate of infections. Unexpectedly, it did not lead to severe COVID-19 in our patient and literature cases, perhaps due to its inhibition of TNFα, a cytokine involved in the viral disease cytokine storm. According to the literature data in our study, TNFα inhibitors including etanercept, adalimumab and infliximab were more frequently used in RD patients, and they seemed to have less severity of the viral illness. TNFα has been reported to be present in the blood and disease tissues of patients with COVID-19 ([@bib0045]). Additionally, it is possible that pretreatment with etanercept could have resulted in a blunted IL-6 response indirectly. In an *in vitro* study, IL-6 and TNFα were up-regulated by the recombinant S protein of the 2002 SARS-CoV suggesting that TNFα or IL-6 antagonists may potentially reduce the cytokine storm in COVID-19 and its related lung damage ([@bib0046]). These data together suggest that TNFα antagonist may be considered as a treatment strategy for severe COVID-19 in the future.

In case 2, the AS patient developed severe virus-related complications. It is unclear whether secukinumab, a monoclonal antibody to IL-17A, could play a negative role in the case. This is contrasting to an autopsy study of COVID-19 infected cases, which suggested a pathogenic role of Th17 and potential benefit of blocking Th17 ([@bib0025]). In addition, 5 out of the 6 RD patients on secukinumab from the literature data in the current study developed mild COVID-19, and 1 was hospitalized. These data indicate that IL-17A inhibitors influence the viral disease course.

Our patient with SLE had minimal viral symptoms without worsening of his underlying ILD. In an in vitro study, HCQ has been shown to inhibit endosome-lysosome system acidification and to suppress proinflammatory cytokines ([@bib0047]). HCQ is currently being studied in multiple clinical trials ([@bib0048], [@bib0049], [@bib0050], [@bib0051], [@bib0052], [@bib0053], [@bib0054], [@bib0055], [@bib0056], [@bib0057], [@bib0058], [@bib0059], [@bib0060]). However, the therapeutic efficacy of HCQ in COVID-19 remains controversial. While some studies showed benefit ([@bib0047]), other studies produced mixed results. Chowdhury et. al surveyed recent literature on clinical trials involving HCQ and Chloroquine. They found 5/7 completed clinical trials showed favorable outcomes, whereas 2/7 trials showed no change compared to control ([@bib0061]). In a French case series of lupus, which was included in our study, HCQ was found to have variable outcomes in the treatment of COVID-19 and its complications ([@bib0007]). Another observational study at the Veterans Affairs hospital showed no benefit of HCQ in severe COVID-19 ([@bib0062]). Although HCQ has been used to treat COVID-19, its efficacy will need to be confirmed by the results of the ongoing clinical trials.

Our GPA patient was treated with Rituximab, a monoclonal antibody to CD20, prior to being infected. This drug may have reduced her humoral immune response leading to a more severe disease course. In a prospective study of 200 subjects infected with human coronaviruses, neutralizing antibody has been shown to play a protective role by limiting the infection at a later phase and to prevent re‐infection in the future ([@bib0063]). SARS-CoV infection induces IgG production against N protein, which can be detected in serum as early as day 4 after the onset of disease and with most patients being seroconverted by day 14 ([@bib0064], [@bib0065]). Hence, B-cell depletion with Rituximab may have altered the antibody response making the patient more vulnerable to the infection. Additionally, SARS-CoV has also been shown to decrease T lymphocytes in 65 patients. Glucocorticoid administration contributed to further decrease in lymphocyte counts ([@bib0066]). As a result, these together hinder the host\'s ability to adequately respond to the infection. Similarly, the published case of GPA on Rituximab in the current study also developed severe COVID-19 requiring mechanical ventilation ([@bib0002]). Taken together, these findings suggest that pretreatment with Rituximab, particularly with glucocorticoids, could contribute to a more severe COVID-19 infection and poor outcome.

In summary, RD patients are susceptible to COVID-19. Various DMARDs may affect the viral process differently. Patients on etanercept, HCQ, or tocilizumab may run a mild course of the viral illness. Rituximab or secukinumab could worsen the viral disease and its related complications. Our study may help in formulating a guideline in the future concerning immunosuppressive use in RD patients during COVID-19. Given the small sample size in the study as a limitation, further study by expanding cases is warranted.
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Image, application 1

**Clinical Significance**: Patients with rheumatic disease are susceptible to COVID-19. DMARDs may influence the viral disease course differently.

Supplementary material associated with this article can be found in the online version at doi:[10.1016/j.semarthrit.2020.05.010](https://doi.org/10.1016/j.semarthrit.2020.05.010){#interref0001}.

[^1]: ^a^DMARDs, disease modifying anti-rheumatic drugs; RD, Rheumatic Disease; RA, Rheumatoid Arthritis; AS, Ankylosing Spondylitis; SLE, Systemic Lupus Erythematosus; GPA, Granulomatous with Polyangiitis; MTX, methotrexate; HCQ, hydroxychloroquine; CT, computerized tomography; ILD Interstitial lung disease,; SOB, shortness of breath; IL-6, interleukin-6; LDH, Lactate Dehydrogenase;

[^2]: ^b^ \*Case 1 and Case 2 were published by us in the Rheumatologist 2020, April

[^3]: ^c^DMARDs, disease modifying anti-rheumatic drugs; RD, Rheumatic Disease; RA, Rheumatoid Arthritis; PsA, Psoriatic Arthritis; Axial SpA, Axial Spondyloarthropathy; AS, Ankylosing Spondylitis; CD, Crohn\'s disease; UC, Ulcerative Colitis; SLE, Systemic Lupus Erythematosus; GPA, Granulomatous with Polyangiitis; CAPS, Cryopyrin-associated periodic syndrome; HCQ, hydroxychloroquine; NSAIDs, Nonsteroidal anti-inflammatory drugs; JAK inhibitor, Janus kinase inhibitors.
